We aimed to evaluate and determine the effect of diabetes mellitus (DM) on overall survival (OS) and cancer-specific survival (CSS) in early stage cervical cancer (CC) patients. Patients with primary cervical cancer and newly diagnosed were selected from ten different cancer specialist hospitals of Malaysia. Patients' demographic and clinical data were obtained for the prognostic analysis. KaplanMeier method was used to estimate patients' survival time (CSS and OS) with DM status and values were compared using the log-rank test. A total of 19,785 newly diagnosed CC patients were registered during 2010-2016, among them only 16,946 (85.6%) with primary CC tumor. There was no difference in treatment modality between DM and non-DM patients. However intergroup assessment showed that type 2DM have significantly higher rate of mortality in both overall mortality (28.3%) and CC-specific (11.7%) as compared to Type 1DM (17.3%; 5.5%) and non DM patients (12.7%; 9.1%) (p < 0.001). Within group assessments showed that Type 2DM patients have better quality of life (mean 7.13 ± 3.67) (p < 0.001) and less distress levels (mean 2.41 ± 0.63) (p < 0.011) as compared to type1 DM (meant 10.54 ± 2.11; 3.19 ± 1.07). This study concluded that T2DM prognostic effect still remained after adjusting demographic and clinical parameters. Type 1 diabetes mellitus showed better OS and CSS then type2 DM.
Human papillomavirus (HPV - 16 & 18) had a persistent link with cervical cancer among women 1 . World Health Organization (WHO) and Global Cancer incidence (GLOBOCAN) estimated that cervical cancer (CC) is ranked 2 nd for most common cancer worldwide among women with annual incidence of 5.28 million and mortality 2.66 million each year 1 . About 87% deaths of these cases occurs among women living in developing countries 1 . Women with HIV are at high risk of developing CC 2 , early diagnosis of CC proven to have good prognosis and low rates of mortality 3 . With the help of cytological and molecular screening, early stage diagnosis is possible. In this regard WHO advocates a comprehensive approach to CC prevention & control strategies to identify and deliver effective care 4 . Malaysia had estimated 4,696 reported cases of CC annually 1 , ministry of health Malaysia stated an average of 2000-3000 hospital admissions of CC annually in the country; and majority of them presenting with late stages of the disease 5 . According to latest Malaysian consensus approximately 2,145 new CC cases are diagnosed annually, it is the 2 nd most common cancer among women aged 15-44 years in Malaysia 6 . This report also stated that about 621 CC-specific deaths occur annually in Malaysia. The CC-specific mortality rate in Malaysia is two times higher than Netherlands, United Kingdom and Finland 7 . The economic burden due to CC is enormous in Malaysia, although surgery and radiotherapy proved to have high cure rates in early stage diagnosis but still several patients die with disease relapse. Several prognostic factors influence the outcome of CC including; lymph node, tumor size, stomach invasion, metastasis 4, 6, 8 . In recent years, several cohort studies and meta-analysis reported significant influence of diabetes mellitus (DM) on increased Scientific RepoRts | (2019) 9:1084 | https://doi.org/10.1038/s41598-018-37694-1 risk of cancers with different pathological pathways [9] [10] [11] . The underlying mechanism based on hypothesis-involved insulin like growth factor 1 (IGF-1). Hyperglycemia or hyperinsulinemia tends to modulate the over-secretion of free IGF-1, that leads to IGF-1Rs activation and resulting increased proliferation, invasive binding and cellular metastasis 12 .
Identification of IGF-1 at early stage CC reported at preclinical and clinical level but yet studies have not firmly discussed the correlation patterns of CC incidence and DM [13] [14] [15] . The pathological and clinical parameters influence on DM, however the effect of diabetes on overall survival (OS) and cervical cancer (CC)-specific (cancer-specific survival -CSS) mortality among early stage CC has not been evaluated so far. Also the concern is focused on the interrelation of diabetes related psychosocial correlates and variability in glycemic index to disease outcome as well as treatment modalities. This hospital-based survival analysis study is the first of its kind; to determine the effect of DM on survival parameters like; OS and CSS among early stage CC patients and also determine the effect to subclasses of DM., type 1 and 2 on the overall mortality and outcome. The psychosocial parameters like, quality of life tool and diabetes distress scale (DDS) were also used to determine the impact on OS and CSS among patients with early stage CC and DM.
Results
Patient Characteristics. A total of 19,785 newly diagnosed CC patients were registered during 2010-2016, among them only 16,946 (85.6%) with primary CC tumor. After screening for exclusion criteria 3,797 (19.2% out of total registrations) were enrolled in the study (Fig. 1 ). Subgroups were DM type 1 (n = 564), DM type 2 (n = 1101) and non DM (n = 2,132). Mean age of CC diagnosis among DM type 2 patients was significantly (p < 0.001) higher than non-DM patients (Table 1 ). Also DM type 2 patients (Mean ± SD: 58.0 ± 19.6) have significantly (p < 0.001) less follow-up time as compared to type 1 (61.4 ± 22.3) and non-DM patients (75.4 ± 2.9) ( Table 1) . It was also found that patients with DM (type 1or 2) were significantly probable to develop squamous cell carcinoma (SCC) (p < 0.048), high incidences of liver and cardiopulmonary comorbidities (p < 0.001), Stage IA/IB (p < 0.002) and nodule size ≤6 cm (p < 0.021) ( Table 1 ). There was a significant difference (p < 0.001) in treatment modality among DM and non-DM patients. Also, intergroup assessment showed that type 2DM have significantly higher rate of mortality in both overall mortality (28.3%) and CC-specific (11.7%) as compared to Type 1DM (17.3%; 5.5%) and non DM patients (12.7%; 9.1%) (p < 0.001). Within group assessments showed that Type 2DM patients have better quality of life (mean ± SD: 7.13 ± 3.67) (p < 0.001) and less distress levels (mean ± SD: 2.41 ± 0.63) (p < 0.011) as compared to type1 DM (mean ± SD: 10.54 ± 2.11; 3.19 ± 1.07).
Mortality and survival Analysis. During study duration, a total of 681 (17.9%) patients died among them 410 patients were DM (both Type 1 & 2) and rest 271 were non DM group patients. A significant (p < 0.0001) difference was reported with shorter OS time among type 2DM as compared to non DM group. Type 1 DM also showed shorter OS time compared to non DM ((p < 0.001) but slightly longer than type 2DM ( Fig. 2A) . Intergroup analysis showed that OS rates of 2 years were 89.1% (DM): 97.3% (non-DM); 79.6% (DM): 90.8% (non-DM) at 5 years and 75.4% (DM): 87.3% (non-DM) at 7 years respectively. Within group analysis showed that type1 DM patients OS rates were significantly higher than type2 DM patients during study follow up time 82.6% versus 71.7% (p < 0.001). Similar pattern was found with CC-specific survival analysis (Fig. 2B) . However, within group assessment for type1 & 2 DM patients showed no significant difference on CCS rates during study duration. Modeling for probability assessment. Several variables were tested for the probability testing, and many of them showed effect on lower OS and CC-specific survival probability. Therefore, after adjusting age, stage of CC, tumor size, lymph node, comorbidities, histology and treatment modality -DM persisted as potential prognosticator of a lower OS and CSS likelihood (p < 0.001) ( Fig. 2A,B (Table 3) . No significant and strong heterogeneity was found between HR of the subgroups. The ranges for adjusted HR among groups for Overall mortality were 1.023-3.12 and 0.79-3.04 for CC-specific mortality (Table 3) .
Diabetes Subclass Heterogeneity Assessment. Within group assessment showed that type2 DM had prognostic influence than type 1DM, on following variables; age, tumor size, low age of diabetes diagnosis, high mean score of QOL, and glycemic index. No strong heterogeneity was reported in the findings; adjusted HR 95% CI range value for CC-specific mortality (0.85-3.34) and overall mortality (OM) (1.33-3.54) were found in the subgroups analysis (Table 4) .
Discussion
In this hospital-based case-control study, findings showed that DM patients' were exhibited adverse prognostic factors for patients with newly and early diagnosis of CC. This finding suggested that type2 DM patients had more mortality rates as compared to type 1, and also the impact on OS probability. According to multivariate analysis; type2 DM showed consistent negative prognostic effect among age (groups), different tumor size, lymph node, histology, age of diabetes diagnosis, glycemic index and treatment modalities. Therefore, type2 DM significantly lower CSS & OS rates and also remained independent predictor for lowering CSS and OS probability. Literature have reported adverse effect of DM on early stage liver and breast cancers, thus lead to poor prognosis 12, 13, 16 and showed increased rates of cancer-specific mortality. This study also reported similar findings with early and newly diagnosed CC patients. In addition to these findings, our study also managed to differentiate the prognostic impact in terms of DM subclasses and related social variables. Past studies reported that CC, breast and livers cancers exhibits high level of IGF-1R overexpression 17, 18 . Also IGF-1 levels showed positive association with CC risk has been identified in scientific literature 19 , thus in clinical practice IGF-1R paly vital role to predict the clinical relevance of mortality & disease occurrence at early stages 19, 20 . Patients with either hyperglycemia or hyperinsulinemia might decrease the production of hepatic proteins and binding capacity subsequently increased the concentration of free IGF-1 value in the body 11, 12, 14, 20, 21 . Thus concurrent increased IGF-1 levels and activation of IGF axis due to excessive IGF-1R in CC cells may resulted in poor diagnosis 22 . This study also found that more duration of diabetes history significantly and independently lowers both CSS and OS probability ( Fig. 2A,B) . The inter-group analysis showed negative impact of DM on OS and CSS, the influence was more significantly prominent among squamous cell carcinoma than adenocarcinoma (Table 3 ). To the current scientific understanding nearly all types of cancers with positive association to DM were adenocarcinoma histologically 23 . Within group assessment revealed type2 DM more oriented to such effects then type1 DM (Table 1) . However, it is still unknown or unclear the effect of different DM subclasses on squamous and adenocarcinoma cells at cellular mechanism of IGF-1 levels and overexpression of IGF-1R axis. More clinical trials are required to determine the systemic pathological pathway of metastasis in adenocarcinoma with hyperglycemia and/or hyperinsulinemia.
Treatment modalities among DM patients were favorable to surgery and radiotherapy alone, other adjuvant therapies showed low OS and CSS (Tables 1 and 3 ). However, patients with contraindication to surgery exhibit unfavorable risk factors (e.g., inadequate glycemic control), with implied to poor prognosis. A retrospective study reported poor OS rates among obese patients with cervical cancer, and recommended radiotherapy as a primary curative therapy then surgery [17] [18] [19] [20] [21] [22] [23] [24] . Also reported that obesity is an independent factor for poor prognosis among cervical cancer patients. Type2 DM patients usually present with overweight /obesity, this could impair the disease outcomes via inadequate treatment dose and/or uncontrolled glycemic index. Sub-therapeutic radiation dose (esp. lateral or oblique treatment) 25 and others 26 were contributing barriers in delivering optimum radiation to patients with obesity. Similarly, patients with metastatic lymph nodes and contraindicated to surgery, survival probability is influenced with sub therapeutic levels of either radiotherapy or chemotherapy. This study is limited with body mass index (BMI) values among patients due to missing data in medication profiles, but still morbid obesity is less likely reported in Asian population 27 so this may slightly influence the study findings. In contrast, patients with unfavorable pathological factors received adjuvant therapy that possibility lead to high risk of disease occurrence and mortality rates.
Limitations of the study. Several above mentioned clinical variables with potential prognostic characteristics were not analyzed even it might affect the selection of treatment modalities among early and newly diagnosed CC patients with DM.
Conclusion
This study concluded that diabetes is the potential independent variable for lowering OS and CSS probability among newly diagnosed Cervical cancer patients. Diabetes type 2 mellitus prognostic effect still remained after adjusting demographic and clinical parameters. Type 1 diabetes mellitus showed better OS and CSS than type2 DM. Patient age and duration of diabetes reduced OS and CSS probability in patients with type2 DM then non-diabetes. Hyperglycemic index and poor QOL in patients with DM reported high rates of OS and CSS then non-diabetic patients.
Practice Implications. This study predicts the prognostic implication of DM for the newly diagnosed early stage CC patient. Findings reported that type 2 DM may increase the risk of cancer relapse and decrease OS even after initiating treatment modalities. Hyperglycemic index and poor QOL in patients with DM reported high rates of OS and CSS then non-diabetic patients. Thus incorporating DM care model in the treatment plan would improve the continuum of care. were selected from ten different cancer specialist hospitals of Malaysia. These hospitals located in all the major cities of Malaysia thus covers >90% of total cervical cancer (CC) patients except eastern states i.e., Sabah and Patients Characteristics and Recruitment. Newly diagnosed primary cervical cancer patients were recruited with inclusion criteria; age >40 years; cervical cancer as primary tumor; stage I-IIA (American Joint Cancer committee -Cancer system (6 th edition) 28 and received curative treatment. Patients were excluded on: cancer history, multiple primary cancers, pathological findings reported other than squamous cell carcinoma or adenocarcinoma, patients with neoadjuvant therapy or unknown treatment modality and either positive or unknown surgical margin.
Methodology

Primary and Secondary Endpoints and Definitions. International Classification of Diseases, 9
th edition for clinical modifications (ICD-9-CM) codes was used to screen Diabetes mellitus (DM) and other comorbidities in the study population. The diagnosis codes for in-patient and outpatient clinics were included and also Deyo-Charlson comorbidity index were examined 29 . The DM diagnosis either type 1 or type 2 was established if it was reported at least two times in out-patient clinics at different months or at least once in in-patient hospital stay within 1 year. General physician calculated the duration of DM on the basis of first confirmed diagnosis and then counter validated either by patient or caregiver and/or family members. Secondary sources also included ministry of health online repository. Comorbidities were coded and analyzed as dichotomized variable (YES/ NO). Followings are the ICD-9-CM codes for comorbidities; Patients received chemotherapy (CT) or radiotherapy (RT) or combinations within 90 days of surgery were considered as adjuvant therapy/treatment. Participants were observed and scheduled follow-up from the primary diagnosis (CC) to mortality based on Cancer-specific survival (CSS) and death from any cause overall survival (OA) also based on the last follow-up date in the medication profile or hospitals database (i.e., 31 st May, 2017). Follow-up assessments were also included; HbA1c value, Euro quality of life assessment scale (EuroQOL-5D-3L) 30 , Diabetes Distress Scale (DDS-17) 31 . These assessments were made to identify the psychosocial and glycemic variability impact on CC mortality & survival probability. These assessments were collected bi-annually from patients and values were provided in the prognostic analysis.
Statistical analysis.
The baseline values of characteristics were evaluated by using either one-way analysis of variance (continuous variables) or Chi-square test (nominal variables). Kaplan-Meier method was used to estimate patients' survival time (CSS and OS) with DM status (type 1 & type 2) and values were compared using the log-rank test. The effect of DM (including subclasses) and further potential risk factors were evaluated using Cox proportional hazards model with adjusted Hazard ratios and 95% confidence intervals. All the primary and secondary variables were included in the analysis to determine the effect and consistency of DM (both type 1& type 2) on mortality among study population. A p value less than 0.05 (two-sided) was considered statistically significant. Statistical Package for Social Sciences (SPSS ® 22 version) was used to perform analysis.
Data Availability
Data is available with reasonable request to principle investigator Dr. Syed Wasif Gillani.
